DECCB@OSITXON. STUDIES OF mTRAPHENYmoRATE SLURRIES (U)

RECORDS ADMINISTRATION
I l l l l l l l l l l l 1 ABGJ I l l 1 1 I l l 11 1 1 1 1 1 1 1 t e t r a p h e n y l b o r a t e and t h e intermediates triphenylborane, diphenylborinic acid and phenylboronic acid.
Researchers should p e r f o m rigorous calculations involving t h e temperature dependent equilibrium of KTPB 
and NaTPB solids coupled w i t h t h e decomposition k i n e t i c s of s o l u b l e T P B ' t o show t h a t the magnitudes of s o l u b l e potassium analyzed f a l l within t h e expected d i s s o l u t i o n of s o l i d KTPB. E f f o r t s should analyze t h e r e s u l t i n g composition data of ' e a c h test i n a comprehensive manner t o o b t a i n k i n e t i c d a t a f o r
.
IN!FRODUCTION
The In-Tank P r e c i p i t a t i o n ( I T P ) process started r a d i o a c t i v e o p e r a t i o n i n Tank 4 8 H i n August of 1995. (NaTPB) decomposition and benzene generation w e r e encountered approximately -2-3 months after beginning ITP operations t e t r a p h e n y l b o r a t e exhibits known i n s t a b i l i t y i n t h e presence of copper -3
Recent work i n d i c a t e s excess sodium tetraphenylborate i n Tank 48H i s s u s c e p t i b l e t o decomposition, with t h e r a t e -s t r o n g l y influenced by temperature, 4
Preliminary data reported i n Ref. 1 ( s p e c i f i c a l l y ' t h e tests described i n JSeries 1 and 2 Sealed S t a i n l e s s -S t e e l B o t t l e T e s t s on pages 51-59) i n d i c a t e t h a t aqueous (K,Na)TPB s l u r r i e s i n concentrated s a l t s o l u t i o n s can p a r t i a l l y decompose on t h e -s c a l e s of s e v e r a l hundred hours i n t h e presence of simulated sludge containing noble metals, monosodium t i t a n a t e (MST), various s o l u b l e metals and organic additives a t temperatures of 70 ' C . sealed s t a i n l e s s -s t e e l b o t t l e s , w a s evidenced by approximate complete loss of a l l s o l u b l e as w e l l as i n s o l u b l e NaTPB present i n the o r i g i n a l (K,Na)TPB s l u r r y . The c a l c u l a t e d l o s s e s of both TPB' and s o l i d NaTPB we,re based on comparison with t o t a l measured soluble boron and benzene y i e l d s . The primany decomposition product was benzene. Other products analyzed i n t h e above tests included s o l u b l e boron, phenylboronic a c i d (1PB) and t h e relatively stable f i n a l organic product phenol.
High rates of s o d i u m t e t r a p h e n y l b o r a t e
Sodium
Decomposition of t h e s l u r r i e s , contained i n a i r -
This r e p o r t d e t a i l s t h e decomposition of aqueous ( K , N a ) T P B s l u r r i e s i n concentrated s a l t s o l u t i o n s using a more complete candidate catalyst recipe, extended t e s t i n g temperatures (40-70 "C) and test d u r a t i o n s o f .
-1500 hours (9 weeks). This study uses r e c e n t l y developed High-pressure Liquid Chromatography (HPLC) methods for analysis of tetraphenylborate (TPB'), triphenylborane (3PB) and diphenylborinic acid (2PB) . A i l of t h e p r e s e n t t e s k s involve non-radioactive s3mulants and do n o t i n c l u d e i n v e s t i g a t i o n s of r a d i o l y s i s e f f e c t s .
include: .
The main o b j e c t i v e s of t h e tests .
e s t a b l i s h i n g t h e e x t e n t of TPB' decomposition'reactions a t lower temperatures (i.e., a t . 40 and 55 OC) than previously tested, demonstf-ating t h a t t h e c a t a l y s t recipe provides an a l l -i n c l u s i v e o r near-complete set of a d d i t i v e s from which s t a t i s t i c a l l y designed NaTPB 'decomposition tests can follow, ,
I
v e r i f y i n g t h i s simulant r e c i p e r e s u l t s i n a r e a c t i o n t h a t approximates t h e c u r r e n t understanding of Tank 48H behavior i n December 1995,6 and i n v e s t i g a t i n g t h e e f f e c t s of both sludge s o l i d s -a n d monosodium t i t a n a t e (MST) s o l i d s on tetraphenylborate decomposition -
The following s e c t i o n s d i s c u s s t h e r e s u l t s of t h i s study. details t h e overall' test design and experimentalmethods..
Appendix A
RESULTS AND DISCUSSION
The e x t e n t o f tetraphenylborate decomposition i n t h e s l u r r i e s w a s measured by the,fOllQWing methods. both analyzed f o r benzene. Filtrates f r o m t h e s l u r r i e s w e r e a l s o analyzed f o r s o l u b l e organic compounds and s o l u b l e boron. Tables 1  through 12 c o n t a i n data sets f o r a l l twelve tests. d e p i c t t h e s e r e s u l t s . The p l o t s include two d i f f e r e n t I measured TPB-, 3PB, 2PB and l P B . .
I -
Figures 1 t o 3 show measured benzene f o r t h e ' d u p l i c a t e systems tested a t -46, 55 and 70 OC, r e s p e c t i v e l y w i t h ' t h e complete c a t a l y s t system p r e s e n t ( T a b l e A-2). c o n s i s t e n t showing a steady i n c r e a s e with the, reaching maximum values approaching.2,500 mg/L. c o n s i d e r a b l e v a r i a b i l i t y , reaching maximUm values approaching 6,000 mg/L. b e f o r e and a f t e r incubation periods and gas chromatography (GC) c a l i b r a t i o n before and a f t e r each sampling,
Benzene d a t a f o r t h e 40 OC d u p l i c a t e t e s t s appear
Benzene data f o r t h e 55 and 7 0 OC tests show
Data recorded during t h e s e tests included v e s s e l weights
The GC c a l i b r a t i o n data i n d i c a t e a v a r i a b i l i t y of about 6% o r less over t h e t o t a l 1 6 9 0 hour d u r a t i o n o f these tests. 55 and 70 OC. These magnitudes of weight loss account f o r t h e various decreases i n benzene ( i -e . , about 1 0 0 0 t o 3500 mg/L) p l o t t e d i n Figures 2 a n d 3. The observed benzene measurement v a r i a b i l i t y a l s o l i k e l y r e s u l t s fromnonr e p r e s e n t a t i v e sampling of t h e . s l u r r i e s . Figure 4 , t h e . m a x h m amount of benzene measured reached v a l u e s i n t h e range of 4,000 mg/L t o 6,000 mg/L. f o r t h e two s l u r r i e s tested a t 55 and 70 OC with.no a d d i t i v e s p r e s e n t show l i t t l e benzene produced ( t y p i c a l l y < 5 0 mg/L) compared t o l e v e l s approaching 6,000 mg/L detected i n s l u r r i e s tested with a d d i t i v e s p r e s e n t . Hence, t h e s e benzene measurements do not conservdtively r e p r e s e n t t h e t o t a l benzene produced i n these tests, given t h e observed mass l o s s e s and measurement v a r i a b i l i t y r e s u l t i n g ' f r o m non: r e p r e s e n t a t i v e 'sampling. O n e may a l s o express benzene y i e l d s a s generation r a t e s . through 12 provide these values, expressed in u n i t s of pg/(L*hr), benzene generation r a t e s r e s u l t from d i v i d i n g t h e t o t a l benzene measured a t a given t i m e by t h e t o t a l number of hours i n t h a t time i n t e r v a l from t h e s t a r t of t h e tests. The range i n benzene generation rates g e n e r a l l y i n c r e a s e s w i t h temperature although much s c a t t e r e x i s t s i n measured benzene l e v e l s . The maximUm r a t e s ranged from 1700-1900 pg/(L*hr) a t 40 OC, 5500-7000 pg/ (.L*hr) a t ' 55 OC 'and 630OL159O0 pg/ (L*hr) . a t 70 O C .
Analysis of t h e v e s s e l weights i n d i c a t e p o s s i b l e benzene l o s s e s during t e s t i n g . Researchers measured m a s s . l o s s e s on t h e o r d e r of O d l t o 0.3 grams between successive samplings f o r some-of t h e tests a t t h e hiGher temperatures of
Tetxaphenylborate Decomposition and Soluble Boron Production, Several t r e n d s occurred f o r t h e expected i n c r e a s e i n t h e r a t e of NaTPB decomposition with temperature from 40 t o 8 7 0 ' C .
i n c r e a s e s , t h e rate of l o s s of s o l u b l e TPB' increases, t h e peak concentrations of a l l boron-containing organic intermediates occurs earlier i n time and t h e rate of boron appearance, measured as t o t a l .
s o l u b l e boron i n solution, steadily increases. T h e s e trends a.re shown i n Figures 6 through 8 and t h e d a t a are contained i n Tables 1 through 6. Appearance of s o l u b l e boron i n t h e . r e a c t i o n mixtures 'in amounts greater than ' t h e i n i t i a l s o l u b l e TPB--i n d i c a t e s production of p h e n y l b o r a t e . Tables 1-12 , 'Boron (ICP-ES) I) o r by HPLC measurements'of . p h e n y l b o r a t e s (see ,Tables 1-12 , 'Boron (from organics) I ) . These two methods a r e represented by t h e equations below. WSRC-TR-97-0046, Rev, 0 Table 13 summarizes t h e i n i t i a l rates, of NaTPB, decomposition c a l c u l a t e d from t h e s e boron measurements over the. first 168 h r of t e s t i n g . t h a t t h e s e rates a r e c a l c u l a t e d using only two d a t a p o i n t s involving , measured boron concentrations a t 0 and.168 hr.' T h e t w o , d i f f e r e n t boron rate measurement values agree. reasonably w e l l f o r each i n d i v i d u a l test a t t h e lower temperatures ii.e., 40 and 55 "C). -The,,data shown i n Table   13 f o r t h e d u p l i c a t e systems tested a t 40 t o 70 0C'with a l l a d d i t i v e s present (see T e s t s 1 through 6 ) i n d i c a t e t h a t t h e s o l u b l e boron -production rates i n c r e a s e with temperature.
t h e average rates i n c r e a s e from about 2.0 X~O '~ mole/ (Lfhr) .to 5.5~10'5 mole/ (L*hr) t o 7 . 8~1 0 '~ mole/ (L*hr) f o r t h e r e s p e c t i v e temperatures of 40, 55 and 70 OC. good p r e c i s i o n . Howevel;, a t 40 "C and 70 OC t h e range of t o t a l boron appearance rates showra r e l a t i v e l y l a r g e v a r i a b i l i t y Ii..e., 0.92 t o 3.08 X~O '~ mols/(L*hr), a t 55 OC and 4.8 t o 10.8 X~O '~ mole/(L*hr) a t 70. " c ) .
The lower v a l u e of 4 . 8 X~O '~ mole/(L*hr) a t 70 OC demonstrates a low b i a s v a l u e , s i n c e t h i s value f a l l s below t h e average of about 5.5 xlO-5 mole/ (L*hr) a t 55 'C.
Using t h e average rate values f o r t h e 40 and, 55 OC tests and t h e higher i n c r e a s e by about f a c t o r s of 2.7X and 2.0X, respectively, as t h e temperature i n c r e a s e s from-40 t o 55 OC and f r p 55 t o 70 OC.
i n c r e a s e s i n rate resemble t h e standard k i n e t i c ' r u l e of thumb' i n v o l v i n g . r o u g h l y -a 2 X increase i n r e a c t i o n rate f o r every 1 0 OC i n c r e a s e , i n temperature.
The boron appearance r a t e s based 'on measured phenyl b o r a t e s (i .e., HPLC) a t 70 OC show better p r e c i s i o n than those based on ICP-ES a t 7 0 OC.
However t h i s HPLC-derived. average r a t e of about 4~1 0 '~ mole/ (L*hr) i's lower than e i t h e r rate c a l c u l a t e d from ICP-ES d a t a (i.e.,% 4.8 t o , 1 0 . 8 X~O '~ mole/ (L*hr)) .
b o r a t e s i s a l s o lower than t h e average boron rate of -about 5.2 X~O '~ p o s s i b l e explanation f o r observed decrease, i n boron appearance rates c a l c u l a t e d from t h e boron measured as t h e phenyl b o r a t e s a t ' 7 0 OC-could be t h e accompanying r e l a t i v e l y prompt. decomposition of t h e i n t e r m e d i a t e s 3PB, 2PB and 1PB on t h e time-scale o f , t h e i n i t i a l 1 0 0 t o 200 hours of t e s t i n g . For instance, r e l a t e d ' t e s t i n g on t h e copper c a t a l y z e d ' decomposition of t h e s e intermediates a t 70 OC i n d i c a t e a l l three i n t e . m e d i a t e s can decompose t o f i n a l organic products benzene and phenol \(i.e., organ5c compounds not containing boron) at r e a c t i o n t i m e s < 200 hours.8 Table 13 g i v e s negative values f o r s.oludle boron appearance rates i n t h e ' with no a d d i t i v e s present showed a s i g n i f i c a n t decrease i n s o l u b l e TPB-, Note B a s e d on. ICP-ES boron d a t a , Note t h a t t h e d u p l i c a t e tests a t 55 "C show rather
' r a t e v a l u e f o r t h e 70 O C test, t h e s e i n i t i a l boron appearance rates These .
,This average rate a t 70 0C based. on measured phenyl ,mole/(L*hr) c a l c u l a t e d a t 55 ' O C from t h e measured phenyl b o r a t e s . One
. c o n t r o l samples. The.two c o n t r o l sample's maintained a t 55 and 70 OC from an i n i t i a l average value of 150 mg/L t o about 6, O rng/L, over t h e f i r s t 96 hours of f e s t i n g a t elevated temperatures. ' The s o l u b l e TPB' .values w e r e r e l a t i v e l y c o n s t a n t -a t 60 mg/L observed from 96 hours y n t i l '
t h e e n d o f ' t e s t i n g (see Tables 1 1 and 1 2 ) . since t h e o r i -g i n a l analyses (i.e.,, t h e ' t i m e zero' d a t a ) w e r e performed on f i l t r a t e s from t h e temperatures, t h e observed decrease ' i n s o l u b l e TPB-' over t h e -f i r s t 96 hours of t e s t i n g a t 55 t o -7 0 OC probably represents p r e c i p i t a t i o n of i n i t i a l s l u r r i e s immediately a f t e r s l u r r y preparation a t ambient
The s o l u b l e boron d a t a a l s o r e f l e c t t h i s i n t e r p r e t a t i o n . Data from Tables 11 and 12 at; equilibrium a t t h e s t a r t of testing.
The above r e s u l t s i n d i c a t e t h a t t h e s l u r r i e s w e r e not There appears a s i h i f i c a n t decrease i n s o l u b l e boron f o r t h e l a s t data set at. both temperatures a s shown i n Figures 13 and 14 . , TPB' data does not r e f l e c t t h i s decrease, as was t h e case f o r t h e i n i t i a l 96 hour.time period. The v a r i a t i o n s listed above i n s o l u b l e boron f o r t h e s e c o n t r o l samples a t 55 and 70 OC r e p r e s e n t much less t h a n t h e t o t a l solirble boron i n c r e a s e s observed f o r t h e tests c o n t a i n i n g ' a l l a d d i t i v e s a t 55 and 70 O C (i.e., s o l u b l e boron l e v e l s reached about 3 . 5 x 1 0 ' 2 mole/L and 4.3 x low2 mole/L a t 55 and 70 OC, r e s p e c t i v e l y ) .
However, t h e
Determination
A s i m p l i f i e d k i n e t i c a n a l y s i s 9 of t h e s o l u b l e b o r o n rate data i n T a b l e s 1 through 6 w a s performed, i n a subsequent r e p o r t . One may e s t i m a t e t h e average rate c o n s t a n t f o r f i r s t -o r d e r decomposition of -NaTPB from t h e data f o r i n c r e a s i n g s o l u b l e boron. experiment ensures t h e presence of s o l i d NaTPB. Also t h e i n i t i a l boron appearance rates a r e c a l c u l a t e d over 168 h r ( i n s t e a d of t h e i n i t i a l 96 h r ) s i n c e t h e above mentioned p r e c i p i t a t i o n appears t o have complete by 9 6 h r of t e s t i n g . O t h e r assumptions i n t h i s treatment i n c l u d e a r a p i d d i s s o l u t i o n of s o l i d s replenishes t h e s o l u t i o n with TPB-and t h a t t h e decomposition of a mole of NaTPB produces a mole of s o l u b l e boron, n e g l e c t i n g any p r e c i p i t a t i o n of t h e u l t i m a t e b o r a t e product, t h e s e assumptions, d i v i d i n g t h e r a t e of i n c r e a s e i n s o l u b l e boron by t h e i n i t i a l ( s a t u r a t e d ) TPB' concentration y i e l d s an apparent f i r s t -o r d e r rate c o n s t a n t €or t h e decomposition of NaTPB.
(Note: Given the lack of knowledge of the dissolution rates of Ham8 in these static systems, the derived rate constant nerves only as a crude measure for the data set. a i s method of calculation w i l l provide significant negative bias in the estimated rate constants.) t A rigorous a n a l y s i s o f . t h i s data w i l l follow R e s t r i c t i n g t h e a n a l y s i s t o t h e first -168 h r of data i n a given Under Two columns of Table 13 provide esthates f o r t h e s e f i r s t -o r d e r rate c o n s t a n t s f o r t h e r e s p e c t i v e sets of boron measurements (i.e., via HPLC o r ICP-ES, r e s p e c t i v e l y ) . rate constants from t h e ICP-ES data versus temperature. Figure 15 i n d i c a t e s an a c t i v a t i o n ene'rgy f o r NaTPB decomposition of about' 4 3 f 20 kJ/mole f o r t h e temperature range of 40 t o 7 0 OC. Figure 15 shows a p l o t of t h e logs of t h e s e
The value of 43 kJ/mole for t h e a c t i v a t i o n energy determined 'in t h i s study f o r decomposition of NaTPB i n t h e presence of many p o t e n t i a l ' c a t a l y s t s i n c l u d i n g copper, remains lower than a c t i v a t i o n e n e r g i e s determined from copper catalyzed TPB' decomposition i n aqueous s o l u t i o n s . lo Activation energies reported i n t h o s e s t u d i e s ranged between 8 6 kJ/mole and 140 kJlmole. a l s o remain lower than r e c e n t l y reported values determined f o r copper c a t a l y z e d decomposltion of t h e intermediate species 3PB, 2PB and 1PB i n aqueous s o l u t i o n s . ranged between 8 2 kJ/mole 'and 107 kJ/mole. The p r e s e n t a c t i v a t i o n e n e r g i e s products phenol and soluble boron (i.e., these two product species which do not show formation and subsequent decay behavior similar to the more transient species 3PB, 2PB and 1PB) were compared fromthe dupricate slurries tested in the.temperature range of 40 to 70 OC at various time period3 (432, 1008' and 1600 hr) of the tests. . Table 14 , '. .
This measure of variability involying
. 9
WSRC-TR-97-0046, Rev. 0 s s o l u b l e boron l i k e l y better i n d i c a t e s NaTPB decomposition than t h e phenol measure s i n c e s o l u b l e boron d i r e c t l y r e s u l t s from decomposition. I n c o n t r a s t , phenol forms as a r e s u l t of s e v e r a l intermediate decomposition s t e p s influenced by t h e presence of o q g e n .
Influence of Solid Additives on XaTPB Decomposition
T e s t s 7 , t o . l O i n v e s t i g a t e t h e influence of s o l i d sludge additives (i.e.,
Tests d and 10) and solid sludge and monosodium t i t a n a t e (MST) additives (i.e., Tests 7 and 9) on NaTPB decomposition. Tests 7 
The e f f e c t of various a d d i t i v e s discussed
The i n i t i a l rates of ts of
For b o t h t h e 55 and 70 OC tests, t h e effects of MST a d d i t i o n on TPB decomposition do n o t appear s i g n i f i c a n t . a l l a d d i t i v e s p r e s e n t ) f o r t h e 55 O C tests f o r comparison. shows l i t t l e d i f f e r e n c e i n t h e k i n e t i c behavior and concentration magnitudes of both t o t a l s o l u b l e boron (ICP-ES) and t h e phenyl b o r a t e s (HPX). Figure 17 repeats some of t h e data from Figure 12 ( T e s t 10, no MST added) and Figure 8 ( T e s t s 5 and 6, a l l a d d i t i v e s p r e s e n t ) f o r t H e 70 O C tests f o r comparison. Figure 17 shows l i t t l e d i f f e r e n c e i n t h e k i n e t k behavior and concentration mdgnitudes of both t o t a l solub-le boron (ICP-ES) and t h e phenyl b o r a t e s (HPLC)
. within t h e range of t h e comparable average (plus o r minus one s t a n d a r d comparisons suggested above using t o t a l soluble boron data a t various the intervals.
s i g n i f i c a n t l y a l t e r these boron concentration levels.
S i m i l a r conclusions t o t h o s e reached ab'ove arise from v i s u a l i n s p e c t i o n of t h e concentration p l o t s and hy comparison of t h e k i n e t i c d a t a shown
I n i t i a l boron production rates appear similar, though higher, f o r T e s t 8
(no MST added) compared t o t h e average of d u p l i c a t e T e s t s 3 and 4 ( a l l a d d i t i v e s p r e s e n t ) f o r t h e 55 O C tests. Soluble boron production rates
s e e m similar, and a l s o higher, f o r T e s t 1 0 (no MST added) cocrrpared to t h e average from d u p l i c a t e T e s t s 5 and 6 ( a l l a d d i t i v e s p r e s e n t ) f o r t h e 70 OC tests.
* d e v i a t i o n ) c a l c u l a t e d from t h e d u p l i c a t e , t e s t s . T a b l e 15 g i v e s the
Removal of t h e solid,MST additive does not -, i n Table 13 . (Table 15 a l s o provides t h i s data f o r co+arison.)
, Processes involving energy deposition i n t o systems containing c e r t a i n t i t a n a t e m a t e r i a l s can produce c a t a l y t i c a l l y a c t i v e s u r f a c e s on t h e t i t a n a t e s o l i d s . The forms of energy deposition most o f t e n s t u d i e d include e i t h e r photolyt,ic o r r a d i o l y t i c . As i n d i c a t e d i n t h e I .
WSRC-TR-97-0046, Rev. 0 i n t r o d u c t i o n of t h e present study, t h i s study did not allow f o r any s y n e r g i s t i c a c t i v i t y due t o presence of monosodium t i t a n a t e i n a r a d i a t i o n field.
, of s w
I
For t h e ' s 5 O C tests, t h e e f f e c t s of solid sludge additives on NaTPB decomposition do not appear s i g n i f i c a n t . Figure 18 repeats some of t h e data from FiFre 9 ( T e s t 7, s o l u b l e additives only) and Figure Figure 18 shows i n s l g n i f i c a n t d i f f e r e n c e s i n t h e k i n e t i c behavior and c o n c e n t r a t i o n magnitudes of both t o t a l s o l u b l e boron (ICP-ES) and t h e phenylBborates (HPLC) . Recall t h a t data p 
a t each p o i n t i n t h e .
t h e comparisons of s o l u b l e boron concentrations a t v a r i o u s . t h n e i n t e r v a l s and i n i t i a l appearance rates. t h e comprehehsive r e c i p e had' t h e effect of decreasing t h e f i n a l s o l u b l e boron l e v e l s a t 55 O C by only about 15% or less when compared t o t h e ' average v a l u e s from t h e comprehensive c a t a l y s t systems a t 55 OC.
For 'the 7 0 O C t e s t a , Figure 1 9 repeats some of ' t h e .data from Figure 1 
i n d i c a t e t h a t phenyl b o r a t e s p e c i e s p e r s i s t e d a t 1onger.times i n T e s t 9 with s o l u b l e a d d i t i v e s only. T h i s i n d i c a t e s a
less r e a c t i v e system compared t o t h e T e s t s 5 and 6 t h a t contained t h e comprehensive c a t a l y s t system. .
I
S i m i l a r conclusions t o those reached'above, a r i s i n g from v i s u a l ' inspection: of t h e concentration p l o t s , can be reached by comparison of t h e k i n e t i c dat.a shown i n Table. .'13 ( o r Table 1 From t h e above digcussion, ' e f f e c t s observed in t h e absence of solid a d d i t i v e s (i.e., less o v e r a l l NaTPB decomposition as concluded from. coinparison of soluble'boron values) are shown t o be only marginally s i g n i f i c a n t i n t h e -55 OC d a t a a n d . s i g n i f i c a n t i n t h e -7 0 "C data when sludge s o l i d s w e r e excluded.
t h e lack of sludge s o l i d s i n s t e a d , o f t h e l a c k of MST s o l i d s . Table 15 provides
Removal, of s o l i d a d d i t i v e s from Comparison of t h e phenyl b o r a t e data p l o t t e d
1
L t follows t h a t t h i s e f f e c t r e s u l t s from
. ' . . .
I
WSRC-TR-97-0046, Rev.,O
Researchers analyzed s l u r r y samples a t t h e completion of t h e decomposition tests f o r t h e presence of both NaTPB s o l i d s and s o l u b l e potassium ion. analyzFd. T h i s o r i g i n a l s l u r r y was maintained a t ambient temperature ifor t h e d u r a t i o n of the tests. small amdunt of (K,Na)TPB s l u r r y w i t h deionized w a t e r (about 1 gram of s l u r r y mixed w i t h 5 mL of watez), followed by a g i t a t i o n , f i l t r a t i o n and a n a l y s i s of t h e r e s u l t i n g f i l t r a t e f o r TPB' . D i l u t i o n of t h e (K,Na)TPB l e a v i n g t h e much less s o l u b l e KTPB as s o l i d . Results f r o m t h e s e tests i n d i c a t e t h a t not a l l of t h e s o l i d NaTPB was dissolved. For instance, the o r i g i n a l s l u r r y tested i n t h e procedure above f n d i c a t e d only about one t h i r d of t h e targeted amount of NaTPB was found t o be p r e s e n t in t h e slu.rry. Table 16 r e p o r t s t h e r e s u l t s of t h e s e s l u r r y d i s s o l u t i o n tests i n a q u a l i t a t i v e manner only (i.e., dissolved NaTPB p r e s e n t (yes) o r n o t p r e s e n t (no) above HPLC a n a l y t i c a l d e t e c t i o n lMts of about 20 mg/L). 
NaTPB s o l i d p r e s e n t i n t h e o r i g i n a l s l u r r y (compared t o only 7,200 mg/L
NaTPB s o l i d s measured f r o m t h e previous s i n g l e a n a l y s i s of o r i g i n a l s l u r r y ) . T h i s l a t t e r measure appears more accurate .since a l a r g e r . d i l u t i o n w a t e r volume was used and t h e d i l u t e d s l u r r i e s w e r e stirred f o r a t l e a s t 12 hours before f i l t r a t i o n and submission.for TPB' a n a l y s i s .
'
Unfortunately, t h e reacted s l u r r i e s from T e s t s 1 t o 12 had been A larger volume of The l a s t column of Table 16 a l s o shows t h e c a l c u l a t e d e q u i v a l e n t amounts of NaTPB r e p r e s e n t e d by t h e s o l u b l e boron measured via-ICP-ES i n t h e filtrates. These c a l c u l a t i o n s -i n d i c a t e t h a t 6,240 mg/L a t 40 OC, 10,560 mg/L a t 55 O C and 13,680 mg/L a t 70 O C s o l i d NaTPB deconqosed d u r i n g t e s t i n g . Comparing t h e s e values t o t h e experimentally determined v a l u e of about 12,300 mg/L NaTPB solids i n t h e o r i g i n a l s l u r r y indicates t h a t about SO%, 85% and 100% o f ' t h e NaTPB s o l i d s decomposed a t 40, 55 and 70 OC, r e s p e c t i v e l y . Note t h a t t h e 13,320 mg/L t o 13,680 mg/L NaTPB s o l i d s c a l c u l a t e d t o have dissolved/decomposed i n t h e 70 OC tests s l i g h t l y exceeds t h e c a l c u l a t e d 12,300 f 600 mg/L t o t a l NaTPB s o l i d experimentally determined (based on s o l u b l e TPB' data) i n the r e p e a t analyses of t h e o r i g i n a l s l u r r y . d i s s o l u t i o n of KTPB s o l i d s a t t h e higher.temperatures of 55 and 70 OC (see below).
This d i f f e r e n c e may reflecc a d d i t i o n a l
\ Researchers a l s o obtained potassium analyses from f k l t r a t e s of t h e f u l l y r e a c t e d s l u r r i e s C i t h no d i l u t i o n s involved. The o r i g i n a l s l u r r y was a l s o tested. Table 17 shows t h e r e s u l t s from t h e s e analyses i n t h e first column of numerical d a t a . The second column of numerical d a t a indicate t h e corresponding amounts of equivalent KTPB d i s s o l v e d d u r i n g t e s t i n g . Table 16 show that there was excess NaTPB also present in these slurries.
As shown in Table 17 ).
Zank 488 Data 
Comparison of P m 8 -t (lC,Na)TPB S l U Z q I > e c -d t i O n T e s t 8 w i t h Pmvhus
T a b l e 18 shows a comparison of r e l e v a n t d a t a f r o m t h e p r e s e n t tests a t 40 t o 55 OC t o d a t a obtained from Tank 48H. Table 18 represent maximum amounts produced over t h e approximate the periods fndicated,
shows estimated production r a t e s of t h e various s p e c i e s over t h e a p p r o p r i a t e t i m e periods f o r comparison.
-A l l Tank 48H data shown i n Data in the present study were collected over a T a b l e 18 a l s o
The o r g a n i c decomposition products benzene, 1PB and s o l u b l e boron reach comparable concentration 1evels.when comparing data from Tank 48H t o data from t h e p r e s e n t s t u d i e s a t constant temperatures of 4.0 and 55 OC. I n most cases, t h e estimated rates of production f o r t h e v a r i o u s s p e c i e s a l s o compare favorably. Phenol production i n t h e l a b o r a t o r y tests a t 40 o r 55 OC, however, a t l e a s t tripled t h a t of Tank 48H. This d i f f e r e n c e presumably r e s u l t s from higher l e v e l s of a i r p r e s e n t i n t h e a i r -s e a l e d b o t t l e tests r e l a t i v e t o t h e more inerted-atmosphere i n Tank 48H (see proves important when comparing data from Tank 48H t o t h g p r e s e n t l a b o r a t o r y tests,. S i g n i f i c a n t i n c r e a s e s i n s o l u b l e boron, 1PB and phenol existed i n Tank 48H a t t h e beginning of D e c e m b e r , 1995 (see Table  2 of Ref. l), i n d i c a t i n g some decomposition. Samples obtained from Tank 48H on December 18 i n d i c a t e d t h a t more than 95% of t h e excess NaTPB had decomposed.l Thus most of t h e decomposition appears t o have taken place i n Tank 48H during t h e r e l a t i v e l y high temperature t33 to 52 OC) p e r i o d preceding t h e mid-December (and l a t t e r ) temperatures of 25 "C, Therefore t h i s temperature range of 33 t o 52 OC compares reasonably w e l l t o t h e two p r e s e n t data sets a t 40 and 55 OC used i n T a b l e 18 of t h i s . r e p o r t . The potassium d a t a f o r t h e 55 OC tests e s p e c i a l l y reflect t h e s e comparisons when contrasted t o t h e amounts of potassium produceti i n t h e Tank 48H samples o r t h e 40 O C data.
The time-profile of temperatures recorded in Tank 48H
Rates i n Tank 48H remained much
lower because t h e temperature remained low a f t e r consumption of excess TPB' .
. qlthough t h e p r e s e n t tests simulate t h e s l u r r i e s and a d d i t i v e s thought p r e s e n t i n Tank 48H, t h e r e exists s e v e r a l d i f f e r e n c e s 'in t h e p r e s e n t s t u d i e s and t h e conditions of Tank 48H. The p r e s e n t i n v e s t i g a t i o n did n o t i n v o l v e any r a d i a t i o n e f f e c t s on t h e thermal c a t a l y t i c NaTPB decomposition. The r a d i a t i o n f i e l d c a l c u l a t e d i n Tank 48H, about 24,000 rad/day, would c o n t r i b u t e ' some 7 . 2 5 x105 rads of accumulated dose over each m0nth.l T h e e f f e c t s of t h e s e l e v e l s of i o n i z i n g r a d i a t i o n 'on the chemical decomposition involving p o t e n t i a l c a t a l y t i c species p r e s e n t i n .
I c u r r e n t tests has y e t t o be s t u d i e d i n t h e temperature range of 40 t o 55 OC, Previous testing1 a t 70 "C concluded t h a t simulated doses did
not have significant e f f e c t s on NaTPB, decomposition using a p o t e n t i a l c a t a l y s t recipe n e a r l y identical t o t h e one used i n t h i s m o s t recent work (see Table A -2 ) .
Another d i f f e r e n c e i n t h e s e tests was t h e r e l a t i v e abundance of oxygen from a i r contained within t h e sealed s l u r r i e s i n t h e l a b o r a t o r y tests. .
About 5 t o 1 0 cc of a i r w a s introduced i n t o t h e s e systems each time a n analysis.was performed. I n contrast, Tank 48H atmosphere was predominately i n e r t e d with n i t r o g e n ' t o a t t a i n a nominal 5 v o l % oxygen. During t h e 'time p e r i o d from e a r l y October 1995 t o A p r i l 1995, a i r w a s present i n Tank 48H.for only two r e l a t i v e l y brief -5 day periods.
During t h e s e two periods i n which nitrogen v e n t i l a t i o n w a s halted, t h e atmosphere w a s measured t o contain 20 vol% and 1 0 vol% oxygen, r e s p e c t i v e l y , about 5 v o l % oxygen (see Figure 4 of R e f . 1). The effects of oxygen on t h e copper c a t a l y z e d decomposition of TPB' i n homogeneous aqueous s o l u t i o n s have r e c e n t l y been r e~0 r t e d . l~;~~ t h e o v e r a l l decomposition of TPB' i n t h e copper-only s t u d i e s .
A t a l l other times t h e atmosphere w a s measured t o c o n t a i n Oxygen w a s found t o i n h i b i t . . Table A -2) were added i n j u s t prior t o t e s t i n g .
The s p e c i f i c p r e p a r a t i o n , o f t h e mixed (K,Na)TPB s l u r r y systems a l s o differed i n ' t h e s e i n v e s t i g a t i o n s conipared t o Tank 48H processes. This study involved preparation of t h e mixed (K,NalTPB s o l i d s i n a l k a l i n e s o l u t i o n by adding concentrated soluble TPB' s o l u t i o n s t o a potassiumcontaining c a u s t i c solution, thereby forming t h e s l u r r y targeted t o c o n t a i n approximately 5.5 w t % (K,Na)TPB s o l i d s . T h e s l u r r y preparatiorl w a s complete i n about one hour. i n t o t h e s l u r r y within about one hour. ' Finally, t h e v a r i o u s p o t e n t i a l l y c a t a l y t i c additives (see
I n Tank 4 8 H a concentrated c a u s t i c soluble TPB-s g l u t i o n is t y p i c a l l y added t o a n e x i s t i n g s l u r r y containing approximately 1 w t P, (K,Na)TPB s o l i d s , i n t h e w a s t e tank containing a l l of t h e p o t e n t i a l c a t a l y t i c a d d i t i v e s The tank contents are then. mixed t o promote p r e c i p i t a t i o n . The d e t a i l s of a d d i t i o n and mixing order related t o t h e s e two d i f f e r e n t procedures, and any effects t h i s order might have on t h e ' o n s e t and rate of TPB' decomposition i n t h e presence of p o t e n t i a l c a t a l y t i c species,
have not been studied.
The remaining s a l t s w e r e then mixed
CONCLUSIONS
Researchers s t u d i e d t h e t h e r m a l e a t a l y t i c decomposition , o ft e t r a p h e n y l b o r a t e i n m i x e d (K,Na)TPB s l u r r i e s contained i n concentrated s a l t s o l u t i o n s between 40 and 70 OC. The s l u r r i e s contained additives thought t o comprehensively represent feeds t o Tank 48H. Comparison'of s e v e r a l measures of. tetraphenylborate decomposition f o r t h i s s t u d y and previous Tank 48H a c t i v i t i e s i n d i c a t e s t h a t t h e present simulant r e c i p e \does r e s u l t i n r e a c t i o n swlar t o t h a t observed previously i n Tank 48H. The a c t i v a t i o n energy f o r decomposition of NaTPB i n ' t h e s l u r r i e s i s
43 f 20 kJ/mole i n t h e temperature range of 4 0 t o 70 OC.'
Removing both s o l i d sludge a d d i t i v e s ,add s o l i d monosodium t i t a n a t e
additives from the,comprehensive p o t e n t i a l c a t a l y t i c r e c i p e r e s u l t e d i n lower decomposition rates and decreased magnitudes'of s o l u b l e boron products a t 70 OC.. The decreases i n NaTPB decomposition w e r e found less s i g n , i f i c a n t (i.e., e f f e c t s less than 15%) a t 55 "C. T h e effects w e r e about 25% a t 70 OC when compared t o t h e averages of d u p l i c a t e t e s t s .' . . 
WSRC-TR-!37-0046,
Rev. 0 containing all additives. When only solid monosodium titanate was removed from the comprehensive potential catalytic recipe, no significant effects on decomposit'ion were observed relative to decomposition observed using the comprehensive potential catalysts recipe at 55 and 70 OC.
Thus the present tests suggest that solid MST additives do not contribute significantly to NaTPB decomposition.. From these prel-iminary tests, it can be assumed that solid sludge additives used in these particular experiments, which contained portions of, the total noble metals and a portion of the total copper, do increase NaTPB decomposition. The effects were less apparent at 55 "C. It remains to be seen whether these effects observed with the solid sludge are due to the increased amounts of copper, increased amounts of noble metals, o r whether the sludge solids provide a heterogeneous catalysis reaction site. without copper present will address these questions. g h Cumulative boron i n i t i a l production rates c a l c u l a t e d from boron produced i n first 168 hours as boron-containing organics from HPLC a n a l y s e s . o f t h e s l u r r y f i l t r a t e s . . Note rates are based on only t w o d a t & p o i n t s ( t i m e = 0 and 168 hy) .
Obtained from equation, Rate
where k' = k[Catalyst]" u s h g data from t h e first 168 hours.
Note: This method of calculation provides a s i g n i f i c a n t n e g a t i v e bias i n t h e .estimated rate constants; , .
T o t a l s o l u b l e boron i n i t i a l production r a t e s c a l c u l a t e d from boron produced i n first 168 hours a s -t o t a l s o l u b l e boron from ICP-ES a n a l y s e s of t h e s l u r x y f i l t r a t e s . and '168 h r ) ., The negative values f o r s o l u b l e boron appearance r a t e s i n t h b s e c o n t r o l samples r e s u l t from t h e obse'rved decrease i n s o l u b l e TPB' over t h e i n i t i a l 96 hours of t e s t i n g . Contyol samples, containing NO a d d i t i v e s . 
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Determined from.Atomic Absorption analyses of s l u r r y f i l t r a t e s , Based on Atomic Absorption analyses f o r . s o l u b l e potassium ion i n f i l t r a t e s using a nominal s l u r r y d e n s i t y of 1.2 g/mL. These values r e p r e s e n t amount of equivalent s o l i d KTPB t h a t ,was d i s s o l v e d during t e s t i n g .
Data repeated from Table 16 . based on ICP-ES analyses of s o l u b l e -boron i n f i l t r a t e s using a nominal slurry d e n s i t y of 1.2 g/rnL. These v a l u e s , r e p r e s e n t amount of equivalent Control samples containing no a d d i t i v e s . Soluble. boron analyses i n t h e s e two. samples i n d i c a t e no s i g n i f i c a n t change (about ,704 f' 170 mg/L.equivalent NaTPBl from 96 h r t o t h e end of t e s t i n g . ' Obtained from excess s l u r r y used i n original-tests p r e p a r a t i o n s t o r e d a t ambient temperature f o r ' t h e duration 'of t e s t i n g . Soluble boron was not analyze3 from t h e e x c e s s S l u r r y u s e d i n . t h e origina-1 tests.
e Soluble organics, :soluble m e t a l s . 
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TEST DESIGN AND EXPE-AL METHODS AND ANALYSES
A t o t a l of 12 s l u r r y samples w e r e tested. The test matrix, sample p r e p a r a t i o n s and a n a l y t i c a l methods are described below.
The test matrix f o r s i x s l u r r y p l u s a d d i t i v e samples (Vl-6) was i d e n t i c a l except f o r t h e d i f f e r e n t temperatures of 40, 55 and 70 OC (see V1-6 of Table All . Each (K,NalTPB s l u r r y consisted of t h e simulated s l u r r y i n Concentrated s a l t s o l u t i o n containing t h e s o l u b l e m e t a l , , s o l u b l e organics, and s o l i d sludge and MST a d d i t i v e s shown i n Table A2 . The non-radioactive r e c i p e given i n Table A2 As noted i n T a b l e A2, t h e NaTPB, f r a c t i o n of t h e (K,Na)TPB s o l i d s is purposely made higher ( t a r g e t e d t o contain 1.5 w t % NaTPB solids or about' 18,000 mg/L NaTPB solids) relative t o t h e measured 0 . 6 w t 3 NaTPB value i n Tank 48H s l u r r y . T h i s was done t o a s s u r e an adequate amount.of &cess NaTPB so t h e e x t e n t of r e a c t i o n can be monitored i n t h e planned decomposition tests. These samples, vl-6, w e r e tested i n d u p l i c a t e a t each'temperature. T e s t s w e r e conducted i n u n s t i r r e d 160 mL carbon-st&el a i r -s e a l e d containers (i.e., s t a t i c systems). A l l v e s s e l s i n i t i a l l y contained 1 0 0 mL of s l u r r y .
Additional s l u r r i e s i n concentrated s a l t solution, one c o n t a i n i n g o n l y s o l u b l e m e t a l ' a n d organic a d d i t i v e s of Table A2 (no sludge nor MST s o l i d s p r e s e n t ) and one containing a l l a d d i t i v e s of Table A2 except MST, w e r e tested a t t h e higher'temperatures of 55 and 70 OC (see V7-10 of Table Al) .. effects of s o l i d a d d i t i v e s .on t h e e x t e n t of TPB r e a c t i o n . , These t e s t s were,designed t o provide h f o n k t i o e on t h e Single (K,Na) TPB s l u r r i e s i e . A l l c o n t a i n e r s w e r e cleaned before t e s t i n g by r i n s i n g * w i t h deion'ized water, c o n t a c t i n g w i t h -1% n i t r i c a c i d f o r -1 h r , r i n s i n g with deionized water, heat t r e a t i n g t o -580>-°C f o r a t l e a s t 8 h r , and l a s t l y soaking i n 0.5 M NaOH f o r a t l e a s t ' 8 hr.
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